Abstract. Human mind can follow two opposite type of reasoning in everyday life as well as in science: convergent thinking, as the ability to get the unique solution to a problem, or divergent thinking, the ability to elaborate different answer to a question. The latter is usually considered as an essential feature of the "creative mind", together with Insight, an unpredictable and unexpected moment of exceptional thinking commonly reported as the "Eureka!" experience. During such processing, an unconscious reorganization process of previously unrelated problem elements is made and when the solution finally emerges to consciousness, the subject is not able to explain how he/she reached it. Because of its unpredictable and unconscious nature, as well as its connection with creativity and scientific discoveries, the definition and evaluation of insight is now one of the biggest challenges for modern cognitive neuroscience. Neurophysiological evidence begins to arise, making the enhancement of creativity thinking using non-invasive neuromodulation techniques a plausible future scenario.
BACKGROUND
Divergent thinking is commonly regarded as the "creative thinking", since Guilford defined it as the ability to find unusual and original answers to an open-ended problem, where no specific correct answer is provide [1] . This type of thinking is based on cognitive and executive functions like flexibility and inhibition (of consolidated ideas) that help finding new and creative responses to a posed question. Differently, convergent thinking is described as the ability to find the unique correct solution to a specific problem or question [2] , requiring a discrete capacity of deductive reasoning and working memory to integrate the provided elements in a defined but not explicit pattern. Scientists mostly agree in considering divergent thinking and insight as the fundamental events that can lead to a creative idea.
Creativity is commonly considered the specific human ability to create something new, useful and generative [3] and it is regarded as the most important driving force of scientific, technological and artistic progress. While the identification of the neurobiological underpinning of fluid and crystallized intelligence is showing promising results thanks to straightforward testing tool for intelligence evaluation [4] [5] [6] [7] creativity and insight still remain blurred concepts whose anatomical and functional definition still constitutes a challenge. Therefore, it is not surprising that research on creativity attracted many researchers but, giving the intrinsic difficulty on eliciting creative performance under controlled conditions, not much progress has been made so far [8] .
Taken in account the little neurophysiological evidence about the underpinnings of divergent thinking, few experiments have been conducted with the noninvasive electrical stimulation in order to enhance individual performance on insight-related tasks. The possibility to modulate such an unexpected and unconscious generative event opens a new era of possibilities, not only restricted to neurophysiological research, but also of enormous importance to achieve a better understanding of the cognitive impairments accompanying several neurological and psychiatric disorders [9] . 
INSIGHT: THEORY AND TASKS
As everyone knows, there were numerous cases of insight in scientific discovery, for instance Newton's finding about the law of gravitation [10] , but the very first insight moment is classically attributed to Archimedes of Syracuse, who ran naked down the street shouting ''Eureka!'' after the discovery of the buoyancy's principle while taking a bath [11] .
This episode provides a simple and clear characterization of Aha moments, which was defined for the first time by the Gestalt psychologists as an unconscious and unpredictable reorganization of the problem components, that involved the discovery of a new mental representation [12] . The insight problem solving, as we can see, is almost opposite to the classical "search" or "analytic problem solving strategy", which is voluntary and completely conscious, with the subject being able to explain all the passages applied to reach the solution [13] .
During the last century various definitions of insight were proposed by researchers, with the last iteration proposed by Kounios and Beeman [14] postulating intuition/insight as including "any sudden comprehension, realization, or problem solution that involves a reorganization of the elements of a person's mental representation of a stimulus, situation or event to yield a non obvious or non dominant interpretation". Moreover, in a framework supported by many other researchers [15] the Eureka moment is not strictly related to the field of problem solving but it includes also other domains of cognition, like perception and language comprehension.
Because of the various fields where the insight-like process appears to take place (identification of ambiguous visual stimuli, comprehension of metaphors, resolution of scientific problem), Bowden and colleagues also speculate that all these different types of Eureka moments share a basic neural network and the same mental steps, whereas specific subcomponents allow to separate and identify the various "type" of insight and also to differentiate them from the analytical method [15] .
As, intuition moment is considered a subcomponent of the creativity process, together with the divergent thinking and the artistic creativity [8] . However, the demarcation between creativity and these mental creativity elements are not so clear, despite many studies focused on them. Insight is often seen as the first step of the creative idea generation, since it happened in a lots of scientific discoveries, like the Newton episode with the apple fall from the tree and even the elaboration of relativity theory by Einstein. With these premises, we can understand the similarity of insight and creativity task using in literature to assess these two related pattern of thinking. RAT (Remote Associates Test) and the CRA (Compound remote associate task) tasks represent a classical example of such overlap. Created in the Sixties to evaluate the ability of identifying semantic distant association between provided words, RAT was used to assess the creativity and recently also for insight performance [16] . CRA were developed by Bowden in order to refine the RAT task, but with the aim of assessing the insight problem solving and not creativity in general. Indeed, CRA and RAT need to be solved with both divergent and convergent thinking: the former is aimed at exploring the words semantically related to the others provided, while the convergent component is leveraged to choose the unique solution. However, the most used task to assess creativity (Alternate Uses Task, AUT) is a pure divergent thinking task [17] . In our opinion, literature needs separate and different task to evaluate insight and creativity, because they are clearly not the same cognitive process, even if they seem to be really interconnected.
Finally, despite the fact that the insight is an unconscious and unpredictable process, Bowden and Beeman tried to propose a coherent sequence of events that could lead to intuition. First, they identify i) a strong conscious activation of information consolidated in the mental network of the subject accompanied by a weak and unconscious activation of information not directly related to the solutions in the initial subject's mental representation of the problem. Second, the activation of weak and secondary information conduct the subject to ii) a restructuration of the elements that allow the person to reach a new vision of the problem; finally, the appearance of the solution to consciousness elicits iii) a sense of enlightenment that was manifested with the typical "Aha!" exclamation [18] .
The network that could support this process may be grounded in the hemispheric asymmetry: the initial weak sematic activation could take place in the right hemisphere, a process traditionally related to a general sematic coding process; on the contrary, it seems more likely that the dominant interpretation occurs the left hemisphere, which is involved in subtle sematic coding processes [15, 18] . Given the recent evidence that relates the activation of right anterior superior temporal gyrus evaluate distant sematic relations between provided words [19] the restructuration process is considered to happen in this very cortical region.
As we can imagine, literature is just proposing the first evidence that could validate the last hypothesis on the neural substrates and functional steps for intuition. First of all, many researchers postulate that the main hemisphere where the insight events take place is the right because of its coarse semantic coding [15] . Moreover, Beeman and colleagues demonstrate specific activations of cortical regions during the resolution of CRA that support this process localization, specifically they revealed a primary activation in the right parietal lobe while the subject try to solve the task (and probably operate the reorganization of the problem's elements), followed by a shift of activation in the right temporal cortex when the solution emerges to the consciousness.
LECTIO MAGISTRALIS

N o n -c o m m e r c i a l u s e o n l y
Giving thanks to recent development in electrophysiological and imaging techniques, identification the neural basis and the time series of insight events seems to be an imminent achievable goal.
MODULATION OF INSIGHT ABILITIES
Neuromodulation techniques are relatively recent non-invasive methods to interact with cognitive functions both in the healthy and pathological brain. They include transcranial electrical stimulation (tES) and transcranial magnetic stimulation (TMS). In the last 1985 TMS technique was used to evaluate the relevance of specific brain region in cognitive functions, pathophysiology of various neurologic and psychiatric disorders, leading to a consistent increase of clinical application field [20] . Transcranial electrical stimulation, developed more recently, was currently employed to explore the neural correlates of intelligence, executive functions and motor performance with first evidences of its utility in cognitive impairments [4] .
tES allows using different type of electrical current delivered via electrode placed on the scalp, such as direct current in the case of tDCS (transcranial direct current stimulation, inducing either an excitatory or inhibitory effect), alternating current in tACS (transcranial alternating current stimulation), or random-noise in tRNS (transcranial random noise current stimulation). Despite the specific mechanism of every electrical stimulations, in all of them we couldn't determine a real fire of neurons under the electrode, but increment the probability that it could happen. In other words, we try to facilitate the activation of a selected cortex important for specific mental process, entering in communication with the brain region via its specific "language" (the electrical current). The TMS method is similar to tES, since it induces an electrical field on the cortex derived from the magnetic stimulation. The difference is that with this technique we can effectively induce a neuronal fire and that the stimulation site is more focal in the brain. TMS is now used to treat many neuropsychiatric illness such depression, bipolar disorder and Parkinson disease and the possibility of clinical applications is still increasing. Regarding the transcranial electrical stimulation studies, there are only three papers that used tDCS over the prefrontal cortex and two studies that stimulate the temporal cortex.
As for the temporal lobe, electrical stimulation (tDCS) was applied to the right anterior temporal lobe and lead to an increase in number of participants solving the task, in contrast to placebo stimulation (so called "sham") and stimulation of the left anterior temporal lobe. These findings are in agreement with the hypothesis that insight-related processing primarily involves the right hemisphere. However, there are limits for the reliability of this data because of the insighttask used, which was a single problem in the second study [21] , and a very small set of problems of the same type in the first study [22] . Moving away from the temporal lobe, the first study applying tDCS over the prefrontal cortex was conducted by Cerruti [16] , testing the effect of excitatory stimulation on the right and left dorsolateral prefrontal cortex. Results shown an improvement on the RAT score only for the stimulation conducted over left dorsolateral prefrontal cortex.
Afterwards, in Metuki et al. 2012 [23] , excitatory stimulation of the left prefrontal cortex was shown to enhance the performance during the solution of CRA problems, selectively for the most difficult trials. Finally, Chrysikou et al. 2013 [24] tested inhibitory stimulation (i.e. catodal tDCS) over the right and left prefrontal cortex, during a uncommon uses generation task. Results demonstrated that only inhibitory stimulation on left prefrontal cortex enhance performance.
As it is clearly visible, there are just a handful of studies assessing the possibility to modulate insight abilities in humans, mostly focusing on the prefrontal and temporal lobe by only using direct current stimulation protocols. Most importantly, results seem concordant only for stimulation over the temporal lobe, while positive effects are present both for excitatory and inhibitory stimulation. Overall, the left prefrontal cortex seems to be more implicated in the insight process than the right prefrontal cortex.
For what concerned TMS, only one study about the perception of degraded images is available to date. Results shown that right and left prefrontal TMS reduced the performance of healthy subjects, with results being in contrast with previously cited experiments using tDCS on the prefrontal cortex, even though the task were different.
CONCLUSIONS
Research on insight is really fascinating thanks to its characteristic unpredictability and unconscious nature. Despite the scientific interest on this mental process is constantly increasing we are still facing strong challenges in its definition, measurement and potentially, enhancement. Latest development in imaging techniques and electrophysiological investigations makes feasible to enlight the neural mechanism of insight, with benefits spanning from the study of developmental disorders to ageing processes. Moreover, the promising results of recent neuromodulation protocols open new questions about the possible use of electrical and magnetic stimulation to enhance problems solving ability in pathological conditions and to boost the physiological cognitive limits of healthy subjects, with strong ethical issues to be considered. 
